Several studies have suggested that there are lateral heterogeneities in the velocity structure at or near the base of the mantle. Such heterogeneities can be studied through the analysis of amplitude ratios of core phases PKPAB and PKPDF for given earthquake-station pairs. In the epicentral distance range 155-175" these arrivals are well separated in time, and PKPAB has near-grazing incidence at the mantle-core boundary 80 that it is highly sensitive to lateral changes in velocity structure in that region, while PKPDF with its near-normal incidence is less sensitive. The observed amplitude ratios vary by well over an order of magnitude, but the size of the ratio is found t o be correlated with the region of the core-mantle boundary sampled by the PKPAB rays: beneath the eastern Pacific and western Atlantic, for which abundant data are available, well-defined, contiguous regions (millions of square kilometres in extent) are found which correlated with predominantly larger or smaller amplitudes. We interpret this result as indicating differences in the degree to which the velocity structure of the lowermost mantle is heterogeneous.
Introduction
There is evidence for both large-scaie (-1000 km) and smaller-scale (10-150 km) lateral heterogeneities in the velocity structure at the base of the mantle. A travel time study by Julian & Sengupta (1973) presented evidence for velocity anomalies in the mantle at depths greater than 2000 km of about lOOOkm in lateral extent representing velocity variations of at least 1 per cent. Qualitative agreement, with these results were obtained by Sengupta & Toksoz (1976) and by Dziewonski, Hager & O'Connell (1977) . All three studies used body phases which bottomed in the lower mantle, and the techniques used were insensitive to smaller-scale heterogeneities.
From the large scatter in the arrival times of diffracted waves compared with body waves at distances less than 96", Sacks (1967) concluded that there were either velocity variations in the lower mantle or a rough core-mantle boundary. Haddon & Cleary (1974) showed that the hypothesis of scattering near the mantle-core boundary provides a comprehensive interpretation of the observed precursors t o PKIKP. The scale of the heterogeneity is 40-150km with a mean velocity variation of about 1 per cent. Doornbos (1978) showed that these observations could also be explained by scattering at a rough core-mantle boundary; he prefers a somewhat smaller scale length of the velocity variation.
In this paper we describe and apply a technique for comparing the lateral velocity variations in different regions at or near the base of the mantle.
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Technique
Elastic waves at near-grazing incidence to an interface are deflected from predicted raypaths more than waves with near-normal incidence by heterogeneities in the velocity structure in the region adjacent to the interface. At distances between 155" and 175" the AB branch of the core phase PKP enters the core at near-grazing incidence, whereas the DF branch enters the core at near-normal incidence (Fig. 1) . The arrivals are well separated in time (25-95 s) and are generally easily identified.
The relative sensitivity of these two phases t o small perturbations in the structure at the base of the mantle can be seen from the following example: the ray parameters are determined for the two branches of PKP for a given velocity-depth model (Jordan & Anderson's (1974) model B l ) at an epicentral distance of 160". If the velocities in the lowermost 150 km of the mantle are changed by some amount, without changing the ray parameters, the resulting displacement of the emergence points indicates the relative sensitivity to the structural change. For a mean velocity of 1 per cent the epicentral distance of the neargrazing (AB) branch changes by I", while that of the near-normal (DF) branch changes by about 0.01", the AB branch is about 100 times more sensitive than the DI; branch to velocity variations in the lowermost 150km of the mantle. If there were lateral heterogeneities (on the scale of about 100 km), neighbouring PKPAB rays would sample slightly different structures, and the resulting deflections in the raypaths would cause focusing and defocusing. This would in turn give rise to relatively larger or smaller amplitudes for the observed AB arrival (Fig. 2) . (Similar variations in the effective PKPAB transmission would be obtained if roughness of the interface replaced lateral variations in the region adjacent to the boundary (Doombos (1978) ).) Figure 1 . Seismic raypaths used in this study. In the distance range 155-175" the A B branch of the core phases PKP enters the core at near-gradng incidence and is very sensitive to velocity variations at the base of the nlantle (labelled region 2). The D F branch of PKP enters the core at near-nornial incidence and is accordingly less sensitive to structure in that region. For a spherical-earth model such as the B1 model, the AB and LIE; branches of PKP leave the source and arrive at the station along the same azimuth and within 14" of inclination. Hence, to a first approximation, variations in the AB/DF amplitude ratio for given earthquake-station pairs will depend mainly on propagation-path differences.
Data
A large section of the active circum-Pacific seismic zone is at PKP distances from South America. The data t o be discussed here, and, indeed, the largest data set available, are obtained from South American seismographs. The seismographs used ranged from BHP (Panama) in the north to SOM (southern Chile) in the south, and from BOG (Colombia) in the west to NAT (Brazil) in the east. All available seismograms of earthquakes of magnitude greater than 6 between 1964 and 1972 were studied. In all, about 400 amplitude ratios were obtained from this set. Fig. 3 shows some of the arrivals. It can be seen that the AB/DF amplitude ratios vary widely. A given station can have large ratios from some earthquake regions but small from others; e.g. tracesnumbers 2 and 3 at LPB. The same earthquake can give large ratios at some seismographs but small ratios at others; e.g. traces numbers 7 (NNA) and 8 (ARE). These observations thus support our assumption that the amplitude ratio is not dependent on either the station or the source. The similarity of the amplitude ratios determined from (WWSSN) long-period seismograms to those from (WWSSN) short-period seismograms seen on traces numbers 8 and 9 (or 10 and 1 1 ) indicates that anelastic attenuation, which affects short periods more than long periods, does not play a major role. In our analysis we considered only short-period records. At -1 s period the dT/dA values for these phases, tunnelling is not expected to be an important effect (Richards 1976 ).
In Fig. 4 the observed amplitude ratios are plotted and compared to those calculated from the B1 model. (The calculated-amplitude curve is insensitive to the choice of spherical-earth model.) For epicentral distances greater than 160" the average for the observed amplitude ratios is approximately the same as the calculated ratios. At smaller epicentral distances the observed ratios are slightly higher. The ('flat-topped') shape of the distribution in each distance range and the standard deviation of the observed amplitude ratios appear t o be indepedent of the epicentral distance as well as the number of observations in each distance range. 383 We interpreted the fact that the amplitude-ratio distribution is flat-topped rather than Gaussian in each distance range as indicating that structure at or near the mantle-core boundary results in a range in the PKPAB amplitude. We then proceeded to classify the amplitude ratios according to the core-mantle interface-crossing regions to determine whether or not the spread in the ratios was correlated in any way with the regions.
Correlation of amplitude ratios with regions at the core-mantle boundary
From Fig. 1 we see that each ray makes two crossings of the core-mantle interface so that from a single observation it is not possible to apportion the relative effects of the two crossings. The technique used to overcome this ambiguity is shown in Fig. 5 : one creates a subset of the data which includes all amplitude ratios with different stations and source regions but with AB raypaths that have one approximately coincident core--mantle interface crossing. The other interface crossing of the raypaths will in general not be coincident but spread out over a large area of the core-mantle boundary. If all regions were similar, this data selection would not affect the amplitude-ratio distribution. Another possibility, however, is that regions at the base of the mantle differ in their PKAB 'transmission' characteristics. This procedure would then highlight such differences so long as the spread in the 'other interface crossings' were large enough t o average over the various types of regions. (Transmission, as used here, includes focusing (e.g., Fig. 2 ) and any other effects affecting amplitude.)
Data were available (on the receiver side) with sufficient azimuthal or distance dispersion to map the transmission of near-grazing rays for the area (at the base of the mantle) bounded by latitudes 50" N and 65" S and longitudes 0' and 120"W. The data are not equally distributed over this large area, but are more numerous beneath the eastern and southeastern Pacific. Figure 6 . Map of a 'low' PKPAB transmission region at the (receiver side of the) core-mantle boundary centred at about 25" S, 115" W. Filled circles indicate the core-crossing points for the PKPAB rays based on a laterally-homogeneous structure. (The points may be in error by up to a couple of degrees if the rays are deflected by heterogeneities, but they will still be within the general region shown.) The identifying information in the larger circles consists of the station [A=ANT (Chile), L = LPB (Bolivia), N = NNA (Peru), P = PEL (Chile) and R = ARE (Peru)], the epicentral distance (in degrees) and the observed PKPABIPKPDF amplitude ratio (if one of the arrivals is not clearly measureable, 0 is used for a low ratio, X for an approximately-one ratio and A for a high ratio).
It was found that large areas -millions of square kilometres in extent -at the base of the mantle behave coherently; i.e., it is possible to identify regions which have relatively 'low'. average PKPAB transmission, such as that centred at about 25OS, 115'W (Fig. 6) and those with relatively 'high' average transmission, such as the region centred at about 40" S, l l O o W (Fig. 7) . Figure  Histogram for the L region of Fig. 6 showing the number of ear..luake-station points in PKPA6,r'KPDF-amplitude-ratio bins. To correct for a possible distance effect (see Fig. 4 ), a (broken-line) histogram is included for which the amplitudes for epicentral distances less than 160" have been normalized by the factor 1.1/1.9.
AB/DF
Figs 8 and 9 are histograms of numbers of events per amplitude-ratio bin for the regions (a) For the 'low' region (Fig. 8 ) the distribution is peaked near the expected value for'a (b) For this region there is a possible secondary peak at low amplitude ratios. We infer shown in the previous two figures. We note the following: radially-symmetric earth (see Fig. 4 ).
that this peak results from the LL contribution (Fig. 5) . Fig. 7 showing the number of earthquake-station points in PKPABIP~PDF-amplitude-ratio bins. To correct for a possible distance effect (see Fig. 4 ), a (broken-line) histogram is included for which the amplitudes for epicentral distances less than 160" have been normalized by the factor 1.1/1.9. (c) The 'high' region ( Fig. 9 ) has a decidedly different character from the 'low' region. The average amplitude is larger and the distribution has more spread than that in Fig. 8 .
We infer that these effects result from HH and LH averaging (Fig. 5) . is 120-145', and our study does not sample the same regions at the core-mantle boundary as theirs because of the distribution of earthquakes and stations. (b) We interpret the differences in the PKPAB transmission factor for different regions as indicating differences in the lateral velocity heterogeneity within the regions. We show (Snoke & Sacks, in preparation) that a model leading to amplitudes consistent with the data has lateral heterogeneities in the velocity with a scale length of about I50 km of 1 per cent mean velocity change in the 'high' regions and much smaller lateral variations in the 'low' regions.
